Abstract -Multimedia technology is becoming ubiquitous in modern society, and it is having profound effects on institutions and our expectations of the future. The technology is very fluid, and its development is shaped by a great many social factors. Prediction of the co-evolution of multimedia technology and society needs to be informed by a research framework that focuses attention on the key social, psychological, political and economic influences on technology and technology use, and the emergence of stable uses, infrastructures, standards and development paths. The paper criticises 'technological determinist' approaches, which simply seek to extrapolate social change from technological potential. It shows how a three layer model of component, systems and application technologies can be used to integrate findings from the use and development of technology in specific sectors. Three cases of technology-based predictions are examined, and lessons for understanding technology futures are illustrated by research in different industry and user sectors
INTRODUCTION
The past 10 years has seen a huge explosion in the capabilities and use of information and communication technologies often referred to as multimedia . This has been accompanied by widespread predictions that information and communications technology will become ubiquitous in working and social life, as we move towards an 'information society'. This vision is no longer the preserve of techno-soothsayers (Bell 1974; Castells 1989; Tapscott 1995; Webster 1995) ; now governments and companies from many industries see multimedia becoming central to their operations, not in the long term but within 5 to 15 years. Engaging and convincing demonstrations of the technology, and the success it has brought some companies and regional economies make this future seem inevitable.
Other information technologies in Multimedia
The first is the technology to recognise patterns and provide simple representations of them. This is a variation of technology used to find patterns in numbers and text and to recognise text characters. It is used to provide the data compression algorithms For example, those defined by the ISO for images ( JPEG and MPEG) . More advanced techniques, comparative techniques, wavelet theory and fractal mathematics offer not only greater compression but 'intellegent' image, sound and language recognition.
The technology to recognise patterns is an important part of the second technology: databases. Database technology organises and classifies information, and enables vast amounts of information of various data types to be and accessed simply and easily. Hypermedia and 'intellegent agents ' (e.g. Negroponte, 1994) are popular examples.These technologies are also used to run the networks, collecting and routing information needed to make them work.
The third technology is the technology of human-computer interfaces, which make the facilities of the machine accessible to those that use it. These are embodied in 2D Graphical User Interfaces (GUI) for desk-top computers, point and click menus, television remote controls, the mouse, alphanumeric keyboards, and in software and hardware that provides for metephorically simple operation of technical systems. These technologies have been developed succesfully in their fields of use. Future interfaces predicted 2 (Dutton 1995) . The question is whether knowledge of the past and current practice can help us to understand the probable dimensions of the future. Three principal factors create uncertainty.
First, the development of basic technology and science is notoriously difficult to predict: scientific breakthroughs, although precipitated by investment and concerted research efforts, do not arrive according to a planned time table. Predicted developments may take 20 years to arrive, or be discovered next week. The development of a body of useful technical knowledge based on breakthroughs is equally unpredictablealthough there may be some immediate uses, it usually takes many years to fully understand the theory, and develop the practical methods and tools for exploiting it. Radical new innovations typically require a host of ancillary innovations (for example the creation of complementary technologies or the establishment of new institutions needed to apply the innovation) before they can be fully exploited.
Second, new technologies always compete with existing technologies and non-technical alternatives, which at the outset are often cheaper and better understood by developers and users. This puts them at a considerable disadvantage despite their potential benefits. (For example, the slow development of urban cable television in the UK can partly be attributed to the fact that household video-cassette recorders, and local video hire shops were well established and provided a cheap way for consumers to gain early access to films.) This factor -which underpins the path dependencies already mentioned -is particularly relevant where an innovation forms part of a new system -which may only become competitive when many minor innovations are combined. These are particularly acute in relation to 'network technologies' -which we will discuss below.
Third, successful technological artefacts, architectures and systems depend as much on the adoption by corporate technology promoters, and the development of uses and markets, as on the underlying technology.
Frequently it is not the 'best' technology that is successful, but the one that integrates with existing systems according to the priorities and resources of their users, be they engineers, Chief Financial Officers or home users. In the absence of an understanding of new ways in which multimedia can satisfy current and emerging needs, decision-makers extrapolate from existing templates or may seek to make their own judgements in context of deep uncertainty. Thus the choices about a new technology product or service may be shaped by particular and contingent features -a firm's knowledge of its local market and product niche or the experiences and imagination of an individual actor, rather than systematic knowledge -for example of the aggregate choices of many consumers and users. Even when technology development appears to be fairly predictable, outside events can seriously upset timescales or predictions 3 .
If we were looking at development of a single technology within a simple stable market or institutional setting, forecasting might be a relatively simple affair, but multimedia is an extremely large and eclectic group of technologies influenced by many social forces. New technologies appear continuously -indeed the multimedia scene is characterised by an enormous, and perhaps unparalleled, rate of innovation at many levels and on many fronts, involving large numbers of players worldwide operating in parallel one to another.
Technologies may get rapidly superseded. This technological ferment makes it very hard even for high technology firms to assess and select technologies. The situation is much more problematic for potential users, the majority of whom have little experience with the technology, and are being deluged with unassessible claims and promises about its capabilities and future.
While the first two points are important, the key to forecasting technology is the third: the social and economic factors that shape uses of technology, and the decisions about adoption, design, investment and regulation. The FAME 2010+ study is an attempt to find a systematic way of navigating the these uncertainties surrounding new technology and changing society.
Briefly, forecasting of technology and its uses involves developing an understanding of developments in technology, and of the society in which technologies are valued and used. Forecasting multimedia is difficult. In the face of uncertainty, we frequently overestimate the adoption of a new technology, for example Prestel or the videophone (Bouwman, Christoffersen et al. 1992; Dutton 1995) , which were expected to become mass market technologies within a few years of their launch, or under-estimate another, for example , television, which was not expected to appeal to the general population when it was demonstrated in the 1930s. However with such huge investment and potential impact, forecasting is an extremely important part of policy and strategy development for the 21st Century.
FURTHER BEYOND TECHNOLOGICAL DETERMINISM
In much of the talk and investment around multimedia technology there has been a great deal of prediction that is 'technologically deterministic', based fundamentally on extrapolation from today's technical possibilities. Despite much evidence to discredit this approach, it is still widespread. Often such views can be linked to fairly straightforward, and perfectly legitimate, reasons of self interest, as for example in the attempts of entrepreneurs to enrol support for commercial ventures or the desire of policy makers to simplify planning and legitimate policy interventions (for example the world views expounded by Gates and Negroponte). In this sense a deterministic argument is a political act -whether or not it can be intellectually justified.
Technological determinist approaches are based on two simplifications.
First, it projects a view of the inevitability of existing processes of technological change, and seeks to extrapolate from them -as if technical change was subject to an inner logic, and neutral, rather than being based at least in part on social choices. Applied in retrospect to successful technologies it is possible to identify periods of predictable growth (for example in the diffusion of an established artefact) that may follow an arithmetic or exponential pattern: becoming smaller, faster, more connected and ubiquitous based on simple economic or technical figures. . It is however extremely misleading to project such views into the future, ignores the vagaries of both market demand and technological development. 4 Today, some aspects of technological development have become well-established -for example competition in the semi-conductor industry has become institutionalised around "Moore's Law", with its presumption of continued geometric growth in the number of components on a chip. Such entrenched patterns of improvement in the absolute performance and price/performance ratio of core technologies (microprocessors, optical communications, recording media) mean that there can be a high degree of consensus that there will be an increase in the number of bits transmitted. While knowledge of these steady developments in technological capability are undoubtedly useful, it is very difficult to say what they mean qualitatively, especially when the capabilities of these components are mediated through other layers of system and applications technology. Although we may agree that there will be an increase in the number of bits transmitted or MBytes stored on a memory chip, they still miss the important social and policy questions which relate to situations where non-technical factors dominate: what will these bits and bytes represent ? what are they for? who's infrastructures will carry them? and who will be generating and using them.
Second, technological determinist approaches see technical change as the driver or prerequisite for social and economic change. This ignores the social choices inherent in the ways that technologies are selected, implemented and consumed that in turn shape the outcomes of technological change. 5 This is frequently highlighted when people following different underlying commercial or political agendas or vision suggest radically divergent, and convincingly logical, social impacts of the same technologies.
In industry, most of the images and predictions are driven by suppliers of technology who are trying to promote their business: to sell their products and services, create a market, dominate standards, align other players to adopt their technology or develop complementary technologies, attract government funding, employees, capital etc. In policy making, notably in Information Society and NII policy, multimedia technology becomes an attractive technical solution to problems of education, government efficiency, economic competitiveness. Again, social change is predicted on the technology rather than social factors.
This approach necessarily proves a myopic and misleading forecasting tool, overestimating the importance of the latest technical developments in view, often ignoring the emergence of technical and non-technical alternatives, barriers, and incentives imposed by regulation, and contingent events that shape both technical and social change.
SOCIAL LEARNING AND INCREMENTAL INNOVATION
The social developments that grab the headlines in multimedia are usually centred around the activities of the global suppliers of technology and multimedia services doing deals, announcing forthcoming products, and manoeuvring for control of the market. Hardly a week has gone by without the announcement of a major take-over, merger, or new technology, with newspapers full of stories about how the future has been stitched up by so or so company. The approach of FAME 2010+ to understanding multimedia as a developing ubiquitous technology is to extend the study of multimedia to include not only the technologies and the companies producing them, but also the intermediate and end users: those who ultimately live and work with the technology, and their relationship to the technology and to the supply sector. This includes, for example, looking at individuals and the family at home, the domestic and psychological factors influencing technology adoption and use; the real benefits of technology in schools, and the political factors influencing the installation of computers and Internet in classroom; and the psychological and organisational issues of the introduction and use of computer supported work tools.
The importance of the users, who constitute the market for technology, makes itself felt at the ground level.
Suppliers hope to make products and services that can be sold to users in the expectation of making relatively immediate returns. However their offerings have often failed because they did not succeed in enrolling a sufficient number of users. Indeed one of the key problems facing the development of multimedia is the paradox between the near-universal assumption that important new markets for multimedia-based products and services will emerge, coupled with the lack of evidence of current demand from consumers for these new products. To date users have often been unimpressed by the claims made about the attractions of expensive new technology whose future is still unproven, and in particular have shown an unwillingness to pay the kind of sums needed to justify the installation of expensive new infrastructures (the recent rapid downgrading of expectations about video-on-demand being a case in point).
'The user' remains problematic for suppliers -particularly the mass of domestic users whose identities and wishes remain anonymous and hidden in the private space of the household (Silverstone and Hirsh 1992) .
Developers of new technology of course seek to build representations of these users, and their needs. The developers of radical new technology can envisage many ways that technology may open up new possibilities for users, be it new forms of entertainment, marketing, design or management 6 . For example, there is a long history efforts to introduce computers and now Internet facilities into schools that imagine teachers, schools and libraries can be radically 'redefined' However their offerings are all too often technology-led driven by the views, perceptions and culture of the engineers involved and staring from technological potential rather than a genuine understanding of users, their purposes and worlds (Cawson, Haddon et al. 1995) . Suppliers may find themselves constrained by relatively inflexible organisation structures, an already an installed base of or 'sunk investment' in particular technologies, or the blinkers of shared routines, evaluation criteria, visions and skills. Suppliers may increasingly resort to market research techniques -such as panel discussions or laboratory trials -to improve their understanding of the elusive user. However this is not an easy task. Most users, not knowing the possibilities of the technology, and preoccupied with other priorities, are frequently unimpressed by descriptions of expensive unproven new technology and are unable to envisage radical changes that would make full use of the technology. Again, looking at schools today, we can see the lack of resources, time and money, and the paucity of information on the pedagogical uses of computer in teaching means most teachers are sticking to the blackboard.
This highlights a critical part of the innovation process that we describe as social learning by users and user groups. Social learning becomes an important part of the innovation process, especially when it is fed back to suppliers through the market or direct contact. It has been demonstrated that users have always been an important contributor to innovations in ICTs, even with mass market technologies. For example it was domestic consumers who first saw, and exploited, the telephone as a tool for inter-personal as well as business communication (In the face of active discouragement by the phone companies) (Fischer 1988 ).
Some of the most successful innovations in the ICT field have proved successful precisely because their development and provision created space for users to adapt the service to their particular needs (for example the success of Minitel in France, compared to the near total failure of Prestel in the UK) (Bouwman and Christoffersen 1992; Feenberg 1992) . The way users articulate their own representations of technologies and uses in ways which may differ from those articulated by technology suppliers(Sørensen and Berg 1991), and indeed invent uses of technology in ways not anticipated by the designers (Cawson, Haddon et al. 1995 ) is often central to the vitiality of a technology.
The lack of knowledge about the future development of user requirements imposes a conservatism on supplier offerings -particularly where a firm is needing to show short or medium term return on investment.
Instead of being able to explore the full potential of the latest technology, suppliers are forced by market realities to adopt an incremental development strategy, typically by launching incremental innovations to a current product or service in order to exploit existing investments and customer links and knowledge. In the case of information and communication technologies successful products such as the fax and now e-mail only became successful when they started to fit in with the with priorities, skills, understandings and habitual practices of users (Miles 1990 ). It takes a huge and slow effort to develop markets for new products. The process of making and demonstrating the possibilities of the innovation, developing new standards and encouraging complementary products and services is often only available to the richest companies (Collinson 1993) . Unless they can attract the attention of larger partners, smaller companies are often left to fit new technology into older standards, and waiting for changes in complementary technologies, infrastructure, regulations, skills and priorities.
These problems are particularly acute in relation to network technologies (which may involve artefacts that are electronically linked, such as telephone systems, but may also include complementary products that must work together -e.g. video cassettes and video-cassette recorders), especially where a substantial investment is required in the infrastructure by the service provider (e.g. a cable company, wondering whether cable TV will pay) or by the consumer (e.g. in buying a new hi-fi, TV or home computer). Supplier and user alike face uncertainties about whether the investment will be justified -particularly since the value of taking part often depends on the number of other players linked to the network (e.g. will there be enough content providers to ensure high quality and low priced products? Will there be anyone for me to talk to/see with my videophone?). The most rational decision by the consumer may be to wait and see -particularly where there are competing standards -which may lead to collapse of the project overall. Indeed one of the key factors shaping these developments is the activity of standard setting bodies, and the attempts by suppliers to create de facto industrial standards by aligning the expectations and behaviour of other players.
These considerations accentuate the dilemma between the immediate benefits available from exploiting wellunderstood technologies, and current standards to create solutions that meet already established user requirements, and the potentially more profound, but uncertain benefits from new technologies and applications 7 . The security of the former may have undesired consequences from the opportunity costs foregone and the path dependencies that may be created. In particular, users of new systems, being unable to predict future uses easily, but cognisant of current needs, are more likely to invest in technology that is designed to fulfil those needs precisely, depriving themselves of future benefits. Although many ICTs are 'flexible' technologies when installed, the development path that is 'built in' is often quite narrow, and defined by the expectation of need based on current business models, the technology development of the suppliers, and the resources and knowledge of users. Developments outside the 'paradigm' of the user and supplier vision are very difficult to account for and justify.
We will therefore present a model that allows us to investigate this in more detail.
PATH DEPENDENCIES AND THE THREE LAYER MODEL
The technological determinist models base their visions of the future on the cutting edge of technology available in labs and trials today. However in , when we look at the successful innovations today, those that 7 Despite all the uncertainty and cautiousness, in the case of multimedia, users and markets are frequently ignored, as suppliers and policy makers make a leap of faith in the 'multimedia' world of convergence and connectivity. Huge investment plans for broadband networks have foundered when it was realised that consumers were not willing to pay for the services that they could delivery, or were not willing to pay for those that the suppliers had dreamt up. End users who bought, and are buying into the multimedia visions are often finding they get little return on the investment, and discover too late that technology does not bring benefits on its own, and does not replace the skills and human relationships that many of their operations depend on.
configurations, where the systems are adapted and customised for specific uses and use environments, to bring particular benefits to users.
As technology and use evolve, the strength and importance of the vertical linkage between components, systems and configurations becomes evident, and it is here that we can see the development of path dependencies. For example, an application that is locked into a specific system that is in turn tied to specific components can only evolve as fast as those systems and components, and developments 'outside' can only be exploited if a radical reconfiguration conducted. Initial investment in a particular application can create path dependencies, which are more important the more focused the investments on a particular application.
Path dependencies also develop as individual companies or industries come to dominate infrastructures and supply networks, and shape, through purchasing power or market dominance, the development of technology that most favours their business. This can also occur when a particular application is very successful in the market place. The leading application drives standardisation and technology system configuration. Those other applications have to be built on the back on the dominant technologies. So for example the development of the Information Society in the UK in the medium term may well be significantly shaped by the outcome of the competition between two, largely competing, visions of the delivery system for networked multimedia into the home; the one being a telephone terminal or set-top box, i.e. an upgrading of the television, more or less dedicated to delivering TV and entertainment services, and the other being a networked PC or similar device, offering far greater flexibility in use (but probably being more expensive to buy and requiring more knowledge by the user).
This emphasis on the potential undesired consequences of path dependencies 8 and the entrenchment of particular technological options should not blind us to their potential value in reducing the uncertainties that surround technological change -as such they may help supplier and user alike to anticipate future changes, and may facilitate an alignment of mutual expectations. However, greater awareness is needed, both of these choices and their implications. It may help us to move map out win-win strategies, allowing us to gain the immediate benefits of currently available, dedicated technologies and the future-proofing and ability to meet emerging requirement by defining migration paths to more open and flexible solutions. For example, suppliers might consider how to make their networked offerings platform independent. Indeed one of the major benefits of information technology over physical systems is the facility to automatically interface and translate between competing standards. For every company trying to tie down a system, there are others trying to spread the risk by crossing over standards.
SECTOR AND THEME EXPERIENCES
THE FAME 2010+ study gathered empirical research on trends in technology, industry sector priorities and technology use, markets, end users and government policy. This was done across a wide range of industries, and at different levels of analysis: economic, political, social and psychological. The research also focused on specific domains of technology use : the home, the community, the workplace/industry, and the macroeconomy. The approach enabled us to understand the social context in which new technology would be used, the reasons why new technology may be adopted and the impact of the technology on the sector. The project also considered the effect that the sector and the actors within the sector would have on the broader development of technologies, standards, uses and regulation.
Here we will use some of the findings from FAME 2010+ and other research projects to criticise some of the technological determinist predictions or presumptions about social change based on technology, and offer some more likely starting points for understanding technical and social change in these areas.
In three areas we show how a common presumption, informed by technological determinism, was that technical potential would translate into social change -and in particular would displace or transform the existing institutional structures, dissolving the effects of existing spatial and organisational structures. We briefly summarise such models and articulate an alternative, and more balanced view of the probable pattern of development that takes as its starting point the underlying social activity and the priorities of the actors currently and potentially involved a. Retailing and Shopping An early and still important presumption is that electronic marketplaces will emerge quickly displacing existing retailing modes and undermine today's retail industry. These scenarios ignore the fact that our retail industry has an enormous sunk investment in stores; they have considerable expertise in how to sell to people in such settings; they have emphasised making shopping an experience, offering social and sensual satisfactions, in the expectation that once in the store, we will buy more. They have successfully enlisted large numbers of consumers into this mode of shopping, in particular to economise on search and transport costs, and benefit from scale economies in purchasing by going to the store and buying on a self-service basis. For many people shopping is much more than an practical task, it is entertainment, a time to share and explore our world, deeply integrated with many other everyday activities.
The FAME methodology insisted that the starting point for analysis must be the existing sets of social relationships and economic imperatives and psychological factors underpinning existing ways of meeting needs of shoppers and retail business, and the current trends purchasing, marketing and technology adoption , rather than abstract technical potential. Retailers have huge investments in IT to bring products to the consumer. In using multimedia they have primarily sought to attract people into the stores or stalls (e.g. multimedia kiosks; WWW pages; Internet and interactive television yellow pages) -i.e. to sustain their existing investments, brand, expertise and established customer links in conventional shopping. Where online technologies have been tried it is in an attempt to reach out to wealthier and busier customers for whom the store-based model is not appropriate, but only in parallel with non technical developments aimed at increasing service and conveniences. New retailers who attempt to operate only over the Internet, for example, may appear to be cutting out the cost of the shop, but it is becoming obvious that the resources to run a professional online equivalent to a store front are huge. Except in a few niche example, the established retailers have the brand and the backstore operations that cannot be built up from scratch except with a huge effort (for example HSB or QVC in television home shopping).
At the level of consumer acceptance, there are also key problems, e.g. the ability to evaluate goods remotely.
Some areas in which products are already largely standardised i.e. available criteria to assess product quality (eg as insurance and many supermarket goods already are) this is not likely to be a problem, even for the majority of shoppers, but in many other sectors, the representations do not convince, and do not form part of the shopping experience associated with many products. However, like many other innovations, with practice and experience we become used to doing things in new ways, and ways are found of getting round technical limitations. In the case of shopping, network technology offers consumers a completely new tool with which to gain knowledge and power over the retailer: the mechanism to exchange views and experience with other, unknown consumers.
In practice we anticipate a fragmented pattern. For example electronic shopping will be far more attractive for those products that can be delivered electronically -e.g. music and some video. Mail order may develop into the possible nucleus of an electronic shopping constituency. However this sector of retailing remains focused on lower income groups (and indeed it is mainly concerned with the provision of credit to groups otherwise not able to get this). Some products such as books and music lend themselves to mail order and have traditionally been sold extensively though book and music clubs. As 1997-99 has shown this is an area of electronic retail that has been developed quite early. Specialist goods that already rely heavily on direct marketing and are supported by independent print and television media will benefit, such as the sale of rarer articles and services around which consumers invest considerable time in searching and developing expertise: antiques, specialist sports equipment etc. Some groups of consumers are liable to prefer on-line shopping -including technophiles, and possibly certain house bound groups and those with less time and more money: middle aged and middle class professionals. The major changes in the medium term will be the prevalence of multimedia and other ICT in traditional shopping -i.e. in shops, and used by retailers and manufactures to market their products more widely products through traditional and extended media.
Consumers are demanding ever higher levels of information about their products they buy, especially as choice expands. Retailers will have to provide this information as a basic part of their service if they do not want to lose competitive advantage.
A key lesson from retailing is that industry invests in technology to support existing business models.
Although large companies may appear to be cautious or slow on the uptake relative to the speed at which leading-edge technology appear to be changing, many are relatively fast in manoeuvring to control or dominate a new channel as it becomes as a reality more than a vision.
b. Education and Schools
A presumption in Education is that technology will effect radical transformation displacing the role of the teacher and even the physical learning institution, with the idea that people will mainly be studying at home.
This idea has found a ready audience, for example with politicians concerned about the rising costs and poor performance of many schools and colleges.
Despite these predictions, the actual pattern of development has been much more mundane -not least because the costs of the comprehensive equipping of schools and training of teachers are proving prohibitive in even the medium term. Although the rapid change at leading edge receives a great deal of publicity and is essential for fuelling enthusiasm in the multimedia vision, the case of education shows that the major developments in use are around more established technologies, which become common enough, cheap and reliable enough and integrated enough to become part of everyday life at home and at work. Schools have been using computers for 10-15 years, and they have entered the basic curriculum in many countries.
However the technologies that are used are often older models of computers, and those with lower specification. A great deal of specialised software exists. Expect in a few schools, the most advanced technology that teachers can integrate into classroom education is CD ROM PCs, which are far away from the cutting edge of network technology. There is sufficient material available on CD ROM for most subject teachers to use it, and there is some experience of how best to use it developed over several years of trying.
Even where advanced networks and Internet connections are in place, the innovative and beneficial uses they are being put to often do not fit easily with the industry vision of multimedia in school, for example, simple technology such as e-mail can bring teachers and students much more than the most expensive videoconferencing or on-line library.
In practice it seems that the educational use of computers in teaching (rather than to support teaching) is still exceptional. Teachers only use technology when there are easily obtainable benefits and no unpredictable problems, which the Internet for example still suffers from. Except for the most well endowed schools the equipment and training costs still present a widespread barrier to entry. The processes of experimentation with the potential of ICTs in schools is becoming more widespread, and may be expected to yield more generalised understanding of what models and approaches are likely to be adopted. It seems increasingly likely that the teacher will become more important as a personal mediator, facilitator, motivator who will aid and guide students using the most appropriate pedagogical methods and tools. Flexibility is a key -some students will be inspired by the engaging character of multimedia, some by the communication possibilities and others served by its information capacity. Single solutions will not be appropriate. The major limitation on the development of use of multimedia in education is the resource given to help teachers develop the necessary skills to properly exploit it.
c.Work and the workplace Within the world of work there are a number of common presumptions that have accompanied the latest generation of multimedia technology development. One is the presumption of a radical spatial restructuring of work driven by technology, especially telework. However this contrasts with the relatively low rate of development of home telework. Another presumption of that electronic links would cut across organisational boundaries -replacing the firm, as the basic economic unit with temporary electronic alliances -the virtual firm. However there are a number of constraints to the virtualisation of work. The conventional workplace proves to have a number of advantages -for managers, in terms of the visibility of the work process -ease of organisation, opportunities for knowledge exchange and co-operative activity -opportunity for employees to demonstrate their capability. The development of virtual work involves substantial investment of time and effort as well as costs of equipment. This model has been adopted in relation to professionals and especially peripatetic workers. These groups are already largely self-directing and the move did not require substantial costs in re-organising work. In these cases, flexibility in work time and place has been the central. Apart from these and similar groups, there has been little sign of such radical changes.
Equally, inter-organisational systems, it transpires, require a considerable investment in agreeing common standards for information to be exchanged. These factors mandate in favour of long-term relationships with trading partners, and high-trust relationships, overcoming risks of opportunistic behaviour by trading parties and uncertainties over product quality), rather than temporary and promiscuous ones envisaged by many predictions of the virtual economy. Indeed inter-organisational systems often require establishment of collective bodies -can have the result of consolidating rather than undermining existing roles and relationships.
At the time of the study on of the main concerns of multimedia in the workplace was the development of 'telepresence' adding richer media, especially video, offering the same kinds of affordance of face-to-face interaction -may overcome the constraints of electronic communications. However, the community of advocates for such development do not seem to have investigated the factors that might motivate such a change. For example it is not clear whether telepresence thus conceived offers much economic benefit in many kinds of work. For example allowing office workers to work from home in this way would not offer productivity increases. There may however be specific cases in which telepresence offers special benefits, and may therefore be more attractive. For example, banks may be interested in this for remote brancheswhere it could offer substantial savings from rationalisation of branch structures as well as benefits from work intensification and possible as market growth. Whether such telepresence will be achieved depends on overcoming technical constraints e.g. improvements in transmission speeds; data compression needed to allow high quality images. It will also depend on the development of suitable tools to allow joint working at a distance.
However, another important constraint concerns the way in which we as users learn to live with the constraints of remote working -e.g. how to regulate discussion with teleconferencing; how to repair the deficiencies of computer-mediated communication (for example in the way we have learned to ignore the distortion of telephone communication and treat is as a medium potentially suitable for intimate conversation by our imaginative projection of an image of the other caller). This suggests that it may not be necessary to move towards high resolution images as a means to achieve telepresence. This is not just a question of the functional aspects of communication -but also the non-verbal signs that accompany interaction -and may underpin, for example the level of trust we invest in the interaction. Different people and different tasks demand appropriate solutions, but requirements do not stay still. E-mail communication and telephony are both examples where acceptance of the media has evolved with hands-on experience and generational changes. It is likely that the smart investment will be in improving the flexibility, reliability and trust in existing systems for work and transactions, and only adopting new innovations such as video as they are proved in situations where there is no alternative, such as transcontinental meetings. In fact this appears to be the trend, with major investment in data and image sharing linked to ideas of knowledge management within an organisation and its close network. Video conference has become a mainstream application for long distance meetings, but has certainly not been an application to significantly change work practices and productivity.
The conclusion we draw is that the main use of multimedia in work will be to facilitate increased flexibility in working. For independent workers, such as farmers and musicians can increase the control over their work.
However for many employed people local conditions will determine whether it allows them to achieve some personal flexibility from their workplace, or increases the intrusion of work life into their private life. Virtual organisations may be important at times of economic change, but in the long run technologies will be used to strengthen long term relationships and tie the distributed operations of organisations ever closer together.
CONCLUSION
Technological forecasting is difficult because of the uncertainties in technology development and exploitation, but also the social and economic context of technology development is uncertain. Technology determinist approaches are naïve and misleading as they fail to appreciate the way that technological change is integrated with social change. This paper has challenged the determinism inherent in views of technological change as an essentially predictable and linear process. Instead it has explored the implications of a model based on the social shaping of technology perspective which highlights the choices and uncertainties surrounding technological development. This draws attention to the interaction between diverse players, especially users (including all users, both intermediate users and final) as well as suppliers, in the development of new technologies, such as emerging multimedia-based products and services. The problems that suppliers and policy makers have in anticipating the future path of technological development, and in particular the evolution of user requirements and uses, lead to a suggestion of the need to examine 'social learning' as users explore the potentialities of new offerings.
We conclude that, in order to predict technical and social change, it is necessary to understand the way that technology may be shaped by society, and the impact of technology on society, in other words the coevolution of society and technology.
